The Mariout Lake is one of the most severely impacted water bodies in the Nile Delta. Multidates satellite images have been used in this study to detect the trends of environmental changes in Mariout Lake, particularly for the main two lake ecosystems; water, and aquatic vegetation during the past four decades from 1972 to 2016. A combination of LandSat-1(MSS), LandSat-5 (TM), LandSat-7 (ETM+), SPOT-1, SPOT-4, SPOT-5, RapidEye, and Sentinel-2 Satellite data was used to analyze temporal changes in the Lake ecosystem. Different image processing techniques were undertaken that performed with the ERDAS Imagine (2013) and ARCGIS (10.2.2) software such as; atmospheric correction, geometric correction, on-screen digitizing to delineate the lake boundary, the Normalized Difference Water Index (NDWI) to quantify the change in the water body area of the Lake, and change detection to ascertain the changes in water and aquatic vegetation features during last four decades interval. The results of analysis indicated that Lake lost 11.19 km 2 of its overall size; NDWI indicated that change in aquatic vegetation for all basins increased by 27.68 km 2 , and the changes in water for all basins decreased by 38.67 km 2 . The change detection results showed changed area that converted into aquatic vegetation, unchanged area that still water, and lost area that no longer exists. These results that due to different anthropogenic activities such as drying and reclaiming some areas that have dangerous impacts on its quality and a subsequent deterioration in its ecological parameters.
INTRODUCTION
Remotely sensed data could use as a tool to detect, monitor and evaluate the changes in ecosystems. In recent studies, Satellite and airborne data are used to develop strategic management and change detection plans for ecosystem resources, especially for large-scale earth surface. (Donia, 2015) noted that common types of detectable change in remotely sensed data associated with the clearing of natural vegetation, increased cultivation, urban expansion, changing surface water levels, vegetation regeneration, and soil disturbances resulting from mining, landslides, and animal overgrazing.
Satellite data is very suitable in inventorying the kind, quality, distribution, and condition of natural vegetation found on the range and forest lands (Ahmed et al., 2006) . The key to effective environmental monitoring is the availability of different dates of imagery for the same area. Monitoring global, regional and local areas can be performed by restricting the analysis to a single sensor series or by using different satellite data. New multi-source satellites are creating data at higher spatial and temporal resolution than have been collected at any other time on earth. The selection of low cloud cover imagery with careful attention to images acquired dates in the study period is very important. Mariout Lake is a highly dynamic aquatic system that has undergone considerable physical, chemical and biological changes during last four decades. The lake has been gradually transformed from a largely marine to the eutrophic water system, due to continuous drying processes for cultivation purpose, human settlement and pollution with different kinds of water discharge into the lake. Many studies have been conducted to describe Donia, Noha, et al. Vol. 35, No.2, Sept. 2016 91 the ecology of the lake. However, none of the previous studies have been implemented to protect the continuous damage and restoration of Mariout Lake. In this paper, we used remote sensing and GIS techniques to measure the spatial distribution of aquatic vegetation and open water areas in Mariout Lake during the last four decades. The dataset used in this study consists of observations by LandSat-1(MSS), LandSat-5 (TM), LandSat-7 (ETM+),
SPOT-1, SPOT-4, SPOT-5, RapidEye, and Sentinel-2 satellite data. The rest of the paper organized as follows. In Section 2, the study area introduced. In Section 3, the materials and methods used in this study discussed. In Section 4, experimental results reported. Finally, Section 5 gives the conclusion and recommendations of this paper.
STUDY AREA
The current Mariout Lake is a small portion of a larger lake that was known during the Roman era by Lake Mariutus. Mariout Lake is a small shallow basin located in the southwestern part of Alexandria; it is 25 km long and about 10 km width as shown in Fig (1) . It is the smallest, and the most polluted lake among the northern lakes of Egypt and it is the only one that does not have a natural connection to the Mediterranean Sea. The excess water constantly discharged into the sea through El-Max Pumping Station (Abdelmoniem et al., 1987) . It is now divided artificially into four basins, namely the main, the fisheries, the southern-west (SW) and Northern-west (NW) basins (Matta et al., 2007) . The lake serves as a drainage basin for the adjacent cultivated lands (Ezz and Aziz, 1999) ; therefore, the main basin of the lake has been suffering from high pollution levels. Water quality was not suitable for aquaculture activities because the basin receives daily about 200,000 -300,000 m 3 /day of sewage and 400,000 m 3 /day of agricultural waste water mixed with sewage. Also discharging about 25,000 -35,000 m 3 /day of raw sewage and some industrial waste water into the lake (Scapini, 2009; Kassim, 2005) . Throughout the last four decades, the lake has subjected to man-made changes in its morphometric features as its area has reduced.
MATERIALS AND METHODS
Satellite Data: Eight satellite images used in this study. Image Processing: Image Processing is used to enhance raw images received from cameras and sensors placed on satellites. We divided this step into preprocessing and post-processing techniques. Preprocessing of image data will include atmospheric correction and geometric correction. Post-processing will include on screen digitizing, NDWI, and change detection.
Preprocessing included the following techniques:
Atmospheric correction determines true surface reflectance values and retrieve physical parameters of the Earth's surface, including surface reflectance, by eliminating effects of dust, haze, and smoke as well as the Donia, Noha, et al. Vol. 35, No.2, Sept. 2016 93 solar angle variations from satellite images (Hadjimitsis et al., 2010) . Many atmospheric correction methods have proposed for use with multi-spectral satellite imagery (Hadjimitsis et al., 2004) . This study will use FLAASH tool of ENVI (5.1) and ATCOR-2 tool of ERDAS IMAGINE (2013). The digital number (DN) values should be converted to a physical unit, using the calibration data given in the header file (metadata) of the images.
Geometric correction is one of the key issues in multi-source data integration and is one of the main processing steps prior to further evaluation of the image data -namely; fusion and analysis with data from different sources and times, overlaying with existing data sets or maps, change detection, map updating or integration into Geographic Information Systems (GIS). Raw images usually contain such significant systematic and non- 
Post-Preprocessing included the following techniques:
On-Screen digitizing that calculated total area for each basin by using ARCMAP (10.2.2).
The Normalized Difference Water Index (NDWI) was first proposed by
McFeeters in 1996 to detect surface water in wetland environments, to allow for the measurement of surface water extent (McFeeters, 1996) and it produces a single grayscale image, where water is bright. Although the index created for use with different images data, it has been successfully used with other sensor systems in applications where the measurement of the extent of open water is needed (Chowdary et al., 2008; USGS, 2016) . The NDWI is calculated using Equation (2): Change-detection technique automatically discriminates the changed and unchanged pixels of the difference image. There are three main methods of change detection: 1) Image subtraction; 2) Image ratio; 3) The change detection after classification. So, we used Image subtraction method to show the changed pixels that converted into aquatic vegetation, unchanged pixels that still water, and lost pixels that no longer exist.
NDWI = (GREEN -NIR) / (GREEN + NIR)

RESULTS
The analyses identified the rate of environmental changes over the four decades for the lake; this was undertaken using satellite images to employ historical remotely sensed data to reveal the long-term changes in the physical characteristics of the Lake. Results revealed that the preprocessing of a remotely sensed image is vital to improve the quality and to remove the errors. Atmospheric correction parameters summarized in Table ( After the completion of NDWI for all satellite images during last four decades, the image subtraction method of change detection performed to Donia, Noha, et al. Vol. 35, No.2, Sept. 2016 97 calculate the changed, unchanged, and lost area. Fig (9) illustrates the using before-image (NDWI image 1972) and after-image (NDWI image 2016) to derive difference image.
CONCLUSIONS AND RECOMMENDATIONS
Remote sensing proves to be very successful in monitoring Lake 
